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摘    要 
文昌鱼作为与脊椎动物亲缘关系 近的类群之一，是进化和发育生物学研究的
良好模式动物。本研究首次考察了四个 AmphiPax 基因在白氏文昌鱼(Branchiostoma 
belcheri)生活周期中 16 个发育时期的时间表达模式，以及变态时期 4 个区域和成体







柱）、尾和精巢；Pax3/7 亚家族在肌肉和肠；而 Pax6 亚家族在肝和肠都有相似的




因组中 VapA/B 和 Spir1/2、RBM12、RAB22A/B 等基因保持共线性连锁，证实了从文
昌鱼到人类至少发生了一轮倍增，而在河豚和斑马鱼中又发生一轮倍增。同时，我
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Abstract 
Amphioxus, one of the closest living invertebrate relatives to the vertebrate, plays an 
important role in understanding the evolution of chordate body plan and organogenesis. 
To date, previous researches usually focused only on the embryo and larva stages of 
amphioxus, whereas the gene expression patterns at later developmental stages have 
rarely been reported. With our recent progress in continuous culture of amphioxus in the 
laboratory, we investigated the temporal expression patterns (16 developmental stages) 
and the spatial expression patterns (four areas at metamorphosis and eight adult tissues) 
of four amphioxus Pax genes throughout the life cycle of amphioxus (Branchiostoma 
belcheri) including embryogenesis, metamorphosis and gonad development. We found 
AmphiPax genes were expressed throughout amphioxus life cycle and presented 
relatively high expression patterns during metamorphosis. And their dynamic expression 
patterns are related to the definite developmental processes or organogenesis. 
Furthermore, comparing orthologous gene expression patterns between cephalochordate 
and vertebraters, we found AmphiPax genes respectively presented the ancestral 
expression patterns of four vertebrate Pax subfamilies and displayed both sequential and 
expression pattern homologues: Pax1/9 subfamily displayed conserved role in pharynx, 
mesenchyme cell and intestine. Pax2/5/8 subfamily showed its homologous expression in 
pharynx (endostyle), tail and testis. And Pax3/7 subfamily played roles in muscle and 
intestine in amphioxus, while Pax6 subfamily was expressed similarly in liver and 
intestine.   
Theoretically, gene duplication and alternative splicing are distinct evolutionary 
mechanisms that provide the raw material for new biological functions. As one of the 
closest living invertebrate to vertebrate, amphioxus has a simple genome without 
undergoing genome duplications, so it provides a good model to investigate the 
evolutionary mechanisms of gene duplication and alterative splicing. In the present study, 
we cloned the Vap genes (AmphiVapA/B) from amphioxus (B. belcheri), and found this 
gene had four alterative splicing (AS) types. By analysis of the amphioxus, human, fugu 













文昌鱼 Pax 基因家族的时空表达及 VapA/B 基因的基因倍增与选择性剪切的进化分析 
 3
linked genes including Spir1/2, RBM12, RAB22A/B and servral other genes. On the other 
hand, both of human VAPA and VAPB are contained alterative splicing types which are 
similar to those of AmphiVapA/B. We therefore described an evolution history of gene 
duplication and alterative splicing models of VapA/B through amphioxus, human, fugu and 
zebrafish. 
Furthermore, we investigated the spatiotemporal expression patterns of four AS types 
of AmphiVapA/B, and found they were divergent in gene expression spatially and 
temporally. It is probably that they play different roles in specific developmental stages and 
tissues. We also predicted the coiled-coil domain and a transmembrane domain four AS 
types of AmphiVapA/B, and found the AS2 had the coiled-coil domain. Based on the above 
observations, we discussed the fates of AS models and assumed possible evolutionary 
mechanisms of gene duplication and alterative splicing in VapA/B gene family：a. To fulfill 
the function of Vap-A/B, amphioxus gains four AS types, human get four types through 
both gene duplication and AS, while fugu and zebrafish have three copys through gene 
duplication. b. The more important alterative splicing (AS2) having coiled-coil domain 
became exon in duplicated VapA/B genes, whereas the less important one (AS1) is still as 
alterative splicing or even lost totally. c. The AS type with higher average expression level 
(more important in function) became a duplicated gene, while the AS type with lower 
average expression level (less important in function) remained as AS type or lost in 
evolution.  
    





























产生机理的模式生物[5~9]。美国 JGI（Joint Genome Institute）对佛罗里达文昌鱼











































表 1-1：Tbx 基因家族在各物种的数目 
Table 1-1: Gene numbers of Tbx family in species 
亚家族 同源基因 线虫 果蝇 海鞘 文昌鱼 河豚 哺乳动物 人类 
T T  1 1 2 4 2 T 
 Tbx19       Tbx19 
Tbx1 Tbx1 1 1 1 1 9 6 Tbx1 
 Tbx10       Tbx10 
 Tbx15   1 1   Tbx15 
 Tbx18       Tbx18 
 Tbx22       Tbx22 
 Tbx20 1 2 1 1   Tbx20 
Tbx2 Tbx2 1 1 1 1 7 4 Tbx2 
 Tbx3       Tbx3 
 Tbx4    1   Tbx4 
 Tbx5       Tbx5 
Tbx6 Tbx6  3 3 1 3 2 Tbx6 
 Tbx16       MGA 
Tbrain Tbr1   1 1 4 3 Tbr1 
 Eomes       Eomes 





















Fig. 1-1: The Phylogenetic tree of Tbx gene family members [19] 
Phylogenetic analysis of all Tbx family members was constructed by using the Mega3.1 with the Neighbor-Joining (NJ) 
































Tbx6 亚家族至少由 Tbx6 和 Tbx16 组成，在系统进化树中文昌鱼 Tbx6/16 的聚
类无法提供进化上明确的信息（如图 2）。在海鞘中，Tbx6 发生了种内倍增，存在 3
个基因（6a、6b 和 6c），在哺乳动物中 Tbx16 似乎已经丢失，MGA 基因也属于这
一亚家族。 
Tbr 亚家族只在脊索动物中找到，文昌鱼和海鞘分别存在一个基因，在人类中
有 Tbr，Eomes 和 Tbx21(T-BET)三个基因组成。在河豚中找到 4个同源基因。 










































图 1-2: 基因倍增后基因的命运和功能的分化[24] 
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